
DEVELOPMENT OF MULTI-
SENSOR JPSS SO2 PRODUCTS
FOR VOLCANIC CLOUD
MONITORING

Michael J. Pavolonis
NOAA/NESDIS/STAR

2017 JPSS Annual Meeting 1



2

Carn et al., 2013

2011 Nabro Eruption

Volcano Monitoring Hazard Avoidance Volcanic Ash Tracking

ClimateDispersion and Transport Modeling

D’Amours et al., 2010

Motivation
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VOLcanic Cloud Analysis Toolkit (VOLCAT)
1). Unrest Alerts 2). Eruption Alerts 3). Volcanic Cloud Tracking

5). Dispersion Forecasting4). Volcanic Cloud Characterization
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Example NRT Volcanic Ash Alerts from VOLCAT

Chirinkotan
(49 minutes ahead of VAA)

Sangay
(not detected with ABI)
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Using a Naïve Bayesian 
classifier trained with 
manually analyzed 
volcanic clouds, spectral 
metrics are used to 
estimate ash probability

Pavolonis et al. (2015a);
Pavolonis et al.  (2015b)

Strong Ash 
Signature

Weak Ash 
Signature

Weak Ash 
Signature

Spatial Analysis: 
Cloud Objects



2017 JPSS Annual Meeting 6

JPSS – Infrared Capabilities

BTD SO2 = BT(1407.50 cm-1) – BT(1371.25 cm-1)
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A priori Probability: CrIS SO2 BTD 
mapped to VIIRS swath and 
smoothed

VIIRS SO2 Probability: Naïve Bayesian 
Classifier

Class Conditional Probabilities: 
Multivariate predictors trained using 
manual analysis of many volcanic 
events

The VIIRS predictors capture the influence of SO2 absorption 
on 8.5 μm and the lack there of at 11 and 12 μm.
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Strong SO2
Signature

Weak SO2
Signature

VIIRS SO2 objects that 
contain spectrally robust 
VIIRS and/or CrIS SO2
spectral signatures are 
selected

VIIRS contributions are 
minimal in the northern 
parts of the SO2 cloud
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Bogoslof (Alaska)

SO2 Cloud

For well dispersed SO2, OMPS and CrIS will have the 
greatest influence on results, but displaying SO2
information on VIIRS images stills add value for users.
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Low level SO2 plume
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Feature is not present in imagery that 
does not include SO2 absorption 

channels
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Spatial – Geometric Properties
Most everyday volcanic ash emissions have a weak multi-spectral 
signature.  They are identifiable in imagery due to the combination 
of spectral signature and plume like shape.

Dukono
Volcano

Dukono
Volcano
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Etna SO2 plume
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Automated Volcanic Cloud Tracking
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Automated Volcanic Cloud Time Series



Collaboration
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Ongoing Work

So Far: Primary focus on accurately quantifying 
the horizontal bounds of volcanic SO2 clouds
Continuing Work: Incorporation of OMPS, 
merged SO2 loading estimates, merged SO2
alerts and time series (including GOES-R)
User interactions: Close relationship with NOAA 
VAAC’s, USGS, and many international 
partners
Other Collaborations: NOAA ARL (HYSPLIT) 
group
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